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480a Tuesday, February 10, 2015and NaB-treated cells. Imaging results indicated the reconstruction of cancer
induced changes in response to NaB treatment by modulating the saturated, un-
saturated, triglyceride, protein and nucleic acid content in the treated cells. The
findings of this study supported that FTIR spectroscopic and imaging techniques
are valuable, label-free and sensitive bio-analytical tools for cancer diagnostics
and investigating the global roles of drugs on cancer treatment.
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Protein degradation is an indispensable regulatory process throughout cell divi-
sion, growth and differentiation. Therefore it is highly desirable to develop a
non-invasive live cell imaging technique to visualize protein degradation
with subcellular resolution. Here we report a strategy that utilizes metabolic
labeling of (13)C-phenylalanine and visualizes both the original and the
nascent proteome by stimulated Raman scattering microscopy in a time depen-
dent manner. We chose the ring breathing vibrational mode of (12C- or 13C-)
phenylalanine as the spectroscopic marker of (old or new) proteome and quan-
tified proteome degradation by (12)C ratio maps. We demonstrated the general
applicability of our technique in revealing steady-state protein turnover in
mammalian cell and yeast, and extended our efforts to map proteome degrada-
tion dynamics after perturbation such as oxidative stress, neurite outgrowth
during PC12 cell differentiation and huntingtin protein aggregation.
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Glucose is a ubiquitous energy source for virtually all living organisms. Its up-
take activity closely reflects the cellular metabolic status in various physiolog-
ical and pathological conditions. Extensive efforts such as positron emission
tomography (PET), magnetic resonance imaging (MRI) and fluorescence mi-
croscopy have been made to image glucose uptake but all with technical lim-
itations. Here, we report a novel vibrational microscopy platform to visualize
glucose uptake in living cells and tissues with subcellular resolution and min-
imal perturbation by performing stimulated Raman scattering (SRS) on a new
glucose analogue. Cancer cells with differing metabolic characteristics can be
distinguished. Moreover, heterogeneous glucose uptake patterns are observed
with clear cell-cell variations in tumor xenograft tissues as well as in neuronal
culture and mouse brain tissues. Therefore, by offering the distinct advantage of
optical resolution yet without the undesirable influence of bulky fluorophores,
SRS imaging of glucose uptake will be a valuable tool to study energy demands
of living systems, particularly in tumors and brain.
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A beam-scanning approach is demonstrated to improve signal-to-noise ratio
and to reduce photo-induced sample damages in nonlinear hyperspectral imag-
ing, such as broadband coherent anti-Stokes Raman scattering (BCARS) micro-
scopy. Signals generated on a fast scanning axis are transferred to the slit of a
monochromator, then onto the vertical axis of a CCD. This configuration ac-
quires the whole BCARS spectra on the fast scanning axis at once, reducing
the overall data transfer time. The fast scanning speed by a resonant beam scan-
ner at 5 kHz greatly reduces sample damage from accumulative photo excita-
tion, allowing for a higher excitation laser power to generate a stronger
nonlinear signal. The optical characteristics related with this configuration
and parameters are discussed and a few examples that demonstrate the advan-
tage of the beam-scanning method for BCARS tissue imaging are presented.Biosensors II
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National Sun Yat Sen university, Kaohsiung,, Taiwan.A new and facile method for the determination of critical micelle concentration
(CMC) of ionic and non-ionic surfactants is proposed in this article. Carbon
dots exhibited substantial fluorescence and therefore enhanced the sensitivity
of this evaluation. Understanding the formation of surfactant micelles is vital
for the applications of biomedicine such as drug fabrication and smart molec-
ular vehicles in delivering therapeutic dosage to various molecular sites. The
fluorescence property of carbon dots was utilized for the first time to estimate
the critical micelle concentration of surfactants. The central concept of the
approach is based on the Stokes shift determination of a system composed of
constant amount of carbon dots with varying concentrations of ionic and
non-ionic surfactants. The synthesized carbon dots were characterized by
FTIR, TEM, XRD, Raman, UV, and fluorescence spectroscope. The carbon
dots were excited at 280 nm so as to obtain maximum emission for the Stokes
shift measurement. The CMC value of cetyltrimethyl ammonium bromide
(CTAB), sodium dodecyl sulphate (SDS), Triton X-100, dodecyldimethyl(3-
sulfopropyl)ammonium hydroxide (SB-12) evaluated by this approach was
found to be 0.98, 7.3, 0.19, and 3.5 mM, respectively. The signals of spectra
were assigned and explained in terms of both electron transitions between spe-
cific molecular orbital and the interaction with solvent.
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Noble metal (Au, Ag, Pt) nanoclusters, due to the attractive properties (such as
brightness, photostability and biological compatibility), has recently become
the subject of intense research and widely used in single-molecule studies,
sensing, biolabeling, and biological fluorescence imaging. Numerous studies
have shown that metal nanoclusters are excellent for detecting the poisonous
metal ions (Hg)1 and amino acid (cysteine, homocysteine)2. It would be signif-
icant to achieve detecting special amino acid in vivo or even intracellular. Here-
in water-soluble fluorescent silver nanoclusters with red emission band have
been designed and successfully synthesized under UV photoreduction by using
Poly (methacrylic acid) (PMAA) and other ligands as the scaffolds. The effects
of reaction parameters, including UV irradiation time, pH, the initial ratio of
COO-/Agþ, ageing time, and the type of scaffold, on the fluorescence of silver
nanoclusters were studied. We have proposed a ligand-to-metal charge transfer
(LMMCT) mechanism to explain the fluorescence from AgNCs.3 Since the
thiol group can coordinate with Agþ, causing the quenching of fluorescence,
we design a probe to detect the amino acid containing the thiol group, such
as cysteine and glutathione. The detection limit can approach micro-mole con-
centration. The results should stimulate additional experimental and theoretical
research on the molecular-level design of luminescent nano probes in bio-
photonics and other applications.
Reference:
(1) Tao, Y.; Lin, Y.; Huang, Z.; Ren, J.; Qu, X. Talanta 2012, 88, 290.
(2) Zhu, J.; Song, X.; Gao, L.; Li, Z.; Liu, Z.; Ding, S.; Zou, S.; He, Y. Biosen-
sors & bioelectronics 2014, 53, 71.
(3) Chen, Y.; Yang, T.; Pan, H.; Yuan, Y.; Chen, L.; Liu, M.; Zhang, K.; Zhang,
S.; Wu, P.; Xu, J. J Am Chem Soc 2014, 136, 1686.
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Originally developed for application in micro-electronics, micro-patterning has
spread over most areas of science, including biology. Micro-patterning allows
for the specific design of cell micro-environment and now covers a large num-
ber of cell biology applications, from stem cell culture and differentiation to
printing of purified proteins or other biomolecules for in vitro assays. Recent
efforts led to the development of much simpler, cheaper and more versatile
methods. Nevertheless, there are still some technical difficulties and unresolved
problems which need to be addressed.
We have recently introduced a method that is capable of detecting and charac-
terizing protein-protein interactions (PPIs) in a live cell context by combining
Total Internal Reflection Fluorescence microscopy and micro-patterned sur-
faces. Recent experiments showed that different biological questions require
Tuesday, February 10, 2015 481adifferent pattern sizes and variations in the microstructure, respectively.
Here we report on the advantages of PDMS-alternatives for an improved
and fast micro-contact printing process. Using those materials we could print
proteins in various structures (including pillars, lines and grids) and sizes
down to 100 nm. For characterization of pattern quality we used TIRF and
super-resolution microscopy and focused on the validation of well-known
protein-protein interactions including the one of EGF-, Insulin/IGF1- or beta-
adrenergic receptors with intracellular binding partners. As TIRF microscopy
requires homogenously adhered cells on the micro-patterned surface, we espe-
cially focused on the verification of cell adhesion efficiency when using
different pattern shapes.
An important issue which we are currently addressing is the production of a
micro-structured and functionalized multiwell plate (96 and 384 well design).
This development step will set a milestone concerning the throughput rates of
the micro-patterning assay and increase the number of potential users interested
in this methodology.
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Acetylcholine and glutamate are highly important non-electroactive neuro-
transmitter in the mammalian central nervous system. A fast, sensitive method
to detect the release of acetylcholine and glutamate at the surface of a single
cell is needed to gather data about the kinetics of exocytosis events in pathways
involving these signaling molecules.
To this end, carbon fiber electrodes have been modified with electrodeposited
gold nanoparticles to increase the effective electrode surface area and provide
a high curvature surface for enzyme attachment. For detection of acetylcholine,
acetylcholine esterase and choline oxidase were deposited onto the nanoparticle
coated electrode surfaces to catalyze acetylcholine to hydrogen peroxide for elec-
trochemical detection. The functionalized electrodes have been characterized to
determine theKMandVmaxof the enzymes aswell as the total enzyme coverage
and gold nanoparticle surface area. This informationwas further used to evaluate
the conditions for optimal retained enzyme activity of the sensor surface. Simi-
larly, glutamate oxidize was placed onto the surface of electrodes plated with
nanoparticles. The sensors were tested for acetylcholine and glutamate release
from a synthetic cell model for exocytosis, and providing time resolved detection
of single vesicle release events on the order of millisecond time scale.
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Wedescribeprotein-facilitated solid-state nanopore detectionof dsDNAcontain-
ing single modified nucleotides. We first use model mono-biotinylated oligonu-
cleotides to determine the detection limits of the assay by systematically studying
the effect of DNA length and biotin position to better understand the detection
process. We then investigate epigenetic modifications by combining selective
biotinylation of target modified bases and a charged, high-affinity protein tag
to induce translocation events. We use this approach to resolve twomajor epige-
netic modifications:methylcytosine (5mC) and hydroxymethylcytosine (5hmC).
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Autotransporters are a large family of extracellular monomeric virulence pro-
teins from Gram-negative bacteria. Despite their simplicity, many aspects of
the autotransporter secretion mechanism remain unclear. We are using pertac-
tin, an archetypical autotransporter from Bordetella pertussis, as a model for
secretion studies. The final step of autotransporter secretion is C-to-N-terminal
transport of the central passenger domain through the outer membrane, medi-
ated by the C-terminal translocator domain. Passenger folding occurs only after
this final secretion step, which requires neither ATP nor a proton gradient. Pas-senger folding may therefore serve as a driving force for pertactin secretion. For
this reason, it is interesting to consider how autotransporters are secreted
through their own translocator domain to the cell surface.
As a first step, we are mimicking this transport using a simpler model consisting
of a well-known nanopore. Transport of the pertactin passenger is detected at
the single molecule level using electrophysiological techniques. We show
that unfolded pertactin dynamics through a single aerolysin pore can be
described using a model developed for an unrelated protein. A Van’t Hoff-
Arrhenius law describes the frequency of blockades as a function of the applied
voltage. The unfolded chains are dominated by an activation energy that has
both an entropic component and an enthalpic origin. We compare our experi-
mental results to theory and show that proteins cross the membrane by passing
through the aerolysin nanopore. We have used these results to develop a general
description of the comportment of an unfolded protein during its transport
through a protein nanopore.
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Biosensors utilize fundamental properties of biophysics to enable detection of
environmental analytes. While these systems are frequently based on living
cells, they have potential applications in multiple fields. Cell-free synthetic bio-
logical systems, such as artificial cells (i.e., liposomal encapsulations of func-
tional biological parts), are an example of systems that could be enhanced by
new biosensors. Here, we created a biosensor based on the biophysical interac-
tions of biotin and streptavidin. Biotin plays an essential role in cell growth and
the typical amount of biotin required by cells is low (e.g., 1 ng/ml in E. coli).
Biotin is also widely used in molecular assembly because of its strong conjuga-
tion to streptavidin, with a Kd around 10
15 M).We leveraged this strong attrac-
tion in a competitive binding scheme to create a biotin sensor that is both specific
and sensitive in comparison to common biotin assay methods that are based on
radioactive labeling, microbiological, or physicochemical principles. This new
biosensor has a detection limit in pg range, and significantly discriminates be-
tween biotin and its metabolic precursor inE. coli, dethiobiotin. This engineered
biosensor can be used as a biotin detector for biotin synthesis by engineered
cells. Additionally, it can be deployed in cell-free synthetic systems. Ultimately,
our engineered biosensor can be coupled to cell-free systems to act as an envi-
ronmental reporter. Alternatively, it can trigger cell-free gene expression in arti-
ficial cells.We anticipate this new technology will impact work in fields ranging
from synthetic biology to the biophysics of biomaterial assembly.
Acknowledgements: We gratefully acknowledge funding from the Air Force
Office of Scientific Research.
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Recently, it was shown for the first time that Escherichia coli can efficiently
propagate a genetic alphabet expanded from the four canonical DNA nucleo-
tides to include the synthetic ‘‘alien’’ bases d5SICS and dNaM. Traditional
sequencing platforms cannot detect these alien bases. We tested whether nano-
pore sequencing with the protein pore Mycobacterium smegmatis porin A
(MspA) is sensitive to d5SICS and dNaM. In nanopore sequencing, a nano-
meter scale pore provides the only electrical connection between two electro-
lyte solutions. An applied voltage causes a current to flow through the pore.
Negatively-charged single stranded DNA is drawn through the pore, causing
a nucleotide specific reduction in the measured current. Thus-far, MspA is
the only nanopore shown to demonstrate single-nucleotide sensitivity to stan-
dard nucleotides as well as methyl cytosine and hydroxymethyl cytosine. We
use the 429 DNA polymerase to regulate DNA motion to single-nucleotide
steps. Here, we demonstrate the direct detection d5SICS and dNaM with
MspA-enabled nanopore sequencing.
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The ingenious design of the bacteriophage phi29 DNA packaging motor with
an elegant channel has inspired its applications in nanotechnology. The hub
of the motor is a truncated cone shaped connector consisting of twelve protein
subunits that form a ring with a central 3.6-nm channel that acts as a path for
